Objectives: To ascertain whether prolonged suppression of viral replication can be achieved in clinical practice and to identify factors associated with virological outcome.
tients at a median follow-up of 335 days. The median CD4 + cell count increase and HIV-RNA level decrease were 0.10 ϫ 10 9 /L (100 cells/µL) and greater than 1.3 log 10 in patients who achieved virological success, and 0.010 ϫ 10 9 /L and 0.32 log 10 for those who did not. In multivariate analysis the likelihood of virological success was diminished in women (PϽ.02) and in patients who missed 2 or more clinic visits in the prior year (PϽ.001), and decreased when the regimen was started earlier (PϽ.04). Patients with a lower nadir CD4 + cell count (PϽ.04) and higher peak plasma HIV-RNA levels (PϽ.001) also had a decreased likelihood of virological success.
Conclusions: More than half the patients who started a regimen that included protease inhibitors in an academic clinical practice failed to achieve durable suppression of viral replication and also experienced a poorer immunologic outcome as determined by CD4 + cell count increase. Missed clinic visits, more advanced disease, and higher plasma HIV-RNA levels may predict failure. Med. 1999; 159:1771 -1776 T HE PROGNOSIS for patients infected with the human immunodeficiency virus (HIV) has improved substantially with the use of protease inhibitors (PIs). This improvement is evident by the resolution of previously untreatable infections 1,2 and recent decreases in mortality and hospitalization rates, 3, 4 and it has been confirmed in controlled trials using both surrogate markers and clinical end points. [5] [6] [7] Plasma HIV-RNA levels are independent predictors of acquired immunodeficiency syndrome (AIDS) risk and death, 8 and therapy-induced changes in plasma HIV-RNA levels partly explain the clinical benefit of PIs. 9 For these reasons, guidelines for treating HIV-infected subjects include administration of antiretroviral regimens that reduce and maintain plasma HIV-RNA levels below the limit of detection of currently available assays for as long as possible. 10, 11 Plasma HIV-RNA levels have remained below the limits of detection for up to 2 years in most patients participating in clinical trials of combination antiretroviral therapies that include a PI. 12 To ascertain whether comparable results are achieved in clinical practice, and to identify factors associated with durable viral suppression, we reviewed the use of PIs at our clinic.
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RESULTS
The baseline characteristics of 366 patients treated with PI regimens are given in Table 1 . The median follow-up was 335 days (interquartile range [IQR] , 158-503 days). At least 1 plasma HIV-RNA level
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was available for 310 patients (84.7%) after initiation of PI regimens, and these patients made up the group for analysis. Overall, 145 (46.8%) of 310 patients experienced virological success. These patients were more likely to be older (PϽ.03), male (PϽ.03), and white (PϽ.02). In addition, the highest ever plasma HIV-RNA level, lower CD4 + cell counts at the time of starting a PI regimen, and the lowest ever CD4 + cell count were associated with virological failure (PϽ.001 for each). Charts were reviewed to ensure the accuracy of the antiviral treatment history. Confirmation of accuracy was possible for 239 patients (77%). Patients were more likely to achieve virological success if PIs were added to their regimens in conjunction with other antiretrovirals. The number of antiretrovirals added in conjunction with the PIs was significantly associated with virological success, even after allowing for the highest plasma HIV-RNA level ( Table 2) . Patients exposed to fewer antiretrovirals prior to starting the PI regimen were also more likely to achieve virological success (PϽ.001) (Figure 1) .
To permit a more detailed examination of virological outcome, patients were further divided into 5 virological response groups (Figure 2) : those with plasma HIV-RNA levels (1) consistently below the limit of detection; (2) below the limit of detection at least twice and subsequently above; (3) only once below the limit of detection and the last HIV-RNA level above the limit of detection; (4) never below the limit of detection, but decreasing at least 0.5 log 10 ; and (5) never decreasing 0.5 log 10 . The median decrease in plasma HIV-RNA levels from the start of a PI regimen to the last visit was greater than 1.3 log 10 for patients with virological success (group 1) and 0.32 log 10 for patients with virological failure (groups 2-5) (PϽ.001).
The degree of immunologic restoration as measured by the CD4 + cell count tended to vary with the degree of virological success (Figure 3) . The mean increases in the number of circulating CD4 + cells from the start of the PI regimens to the last visit in patients experiencing virological success (group 1) and failure (groups 2-5) were 0.083 (range, -0.14 to 0.57) and 0.044 (range, -0.32 to 0.67) ϫ 10 9 /L, respectively (PϽ.01). The time of observation was divided into six 6-month periods. Patients started on PI regimens earlier in the observation period were more likely to fail virologically than patients started later (PϽ.001). Patients experiencing virological success had a median follow-up of 364 days (IQR, 228-520 days); those experiencing failure had a median follow-up of 287 days (IQR, 117-481 days) (PϽ.001).
We attempted to evaluate adherence to treatment regimens by asking physicians to rate their patients' adherence to the recommended regimens. Sixty-three percent of patients judged by their physicians as adherent experienced virological success; conversely, only 13% of patients judged by their physicians as nonadherent experienced virological success (PϽ.001). In addition, patients judged by their physicians to be using illicit drugs were less likely to achieve virological success than were patients thought to be drug free (28% vs 53%; PϽ.003). Physicians' judgment of adherence was related to clinic attendance; patients were more likely to be considered nonadherent if they missed a greater number of clinic visits during the previous year (PϽ.001). More importantly, however, a greater number of missed clinic visits during the year preceding the evaluation was associated with virological failure (PϽ.001).
When multivariate analysis was performed, male sex, missing fewer than 2 clinic visits the year preceding the analysis, starting PI regimens at a later date, a higher CD4 + cell nadir, and lower peak plasma HIV-RNA levels were independently predictive of virological success (Table 3) . Age, race, CD4
+ cell count at the time of starting a PI regimen, the number of antiretroviral treatments started in addition to the PI, and the number of antiretrovirals used prior to starting a PI regimen were not significantly associated with virological outcome in the backward conditional logistic regression model. To avoid introduction of bias, physicians' estimates of adherence and drug use were not included in the regression model.
COMMENT
In this large cohort of patients with HIV infection treated at a teaching hospital with PI regimens, we found that after a median follow-up of 341 days, only 47% achieved virological success, defined as a plasma HIV-RNA level
PATIENTS AND METHODS
The John T. Carey Special Immunology Unit of University Hospitals of Cleveland, Case Western Reserve University School of Medicine, Cleveland, Ohio, is the largest health care provider for HIV-infected patients in northern Ohio. Data were obtained from the special immunology unit database that contains longitudinal clinical and laboratory information on all persons receiving care in the unit, and additional data came from reviewing clinical records. All patients treated with a regimen that included an HIV-1 PI between June 1995 and December 1997, and who were not participating in antiretroviral treatment trials, were included in the analysis. Baseline demographic information and clinical information including the number of prior AIDS-defining events, CD4 + cell count, plasma HIV-RNA levels, and the number of AIDS-defining events following initiation of PI therapy were obtained from the database. To ensure the validity of the data and to capture additional information, chart reviews also were performed. Treating physicians were asked to rate their patients' adherence to treatment and to indicate whether they thought the patient was using illicit drugs. The primary outcome in this analysis, virological success, was defined as a plasma HIV-RNA level below 400 copies/mL at the last clinic visit.
Categorical variables and continuous variables not normally distributed were analyzed by the 2 test, the Wilcoxon rank sum test, the Spearman rank correlation, and the Kruskal-Wallis test. Multivariate backward conditional logistic regression analysis was used to identify baseline predictors of virological success.
below 400 copies/mL at the last clinic visit. This outcome is less favorable than that achieved by patients with a similar degree of immunosuppression participating in controlled clinical trials, 6 but similar to reports from clinics in the United States and elsewhere. 13, 14 A practical observation is that patients who achieve at least 2 plasma HIV-RNA levels below 400 copies/mL have a low likelihood of virological failure: only 12 (8.2%) of 146 in our study. This observation is consistent with the notion that the magnitude of early suppression is a strong predictor of lasting suppression of viral replication. 15, 16 The amount of the CD4 + cell count increase correlated with the degree of virological success, but even patients with incomplete viral suppression often experienced significant CD4 + cell count increases. It is uncertain whether the patients who made up group 5 (no significant decrease in plasma HIV-RNA levels after starting a PI regimen) were actually taking their medication. Kaufmann et al 17 have shown recently that CD4 + cell count increases may persist in patients who fail virologically. Whether these persistent CD4 + cell count increases are due to a decrease in the fitness of multidrug-resistant viruses, 18 or a nonvirological effect of PIs, or are just a reflection of short follow-up, after which their CD4 + cell counts would decrease, remains to be determined. CD4 + cell count increases have been associated with clinical benefit, but whether the amount of the increase in CD4 + cell count will predict the degree or duration of clinical benefit is unknown. 9, 19 Immunologic responses, as measured by CD4 + cell count increases, are predictors, and may be proximate mediators, of the clinical benefits of antiretroviral therapies. 20 In multivariate analysis, 5 baseline characteristics were predictive of virological outcome. To our knowledge, this is the first report describing a poorer virological outcome in women. Although biological differences in antiviral responses cannot be excluded, we suspect that social factors such as access to information and competing priorities account for differential outcomes in women. 21 If this is the case, targeted support for this group at increasing risk for HIV infection may improve outcome. 22 Adherence to treatment regimens is a critical predictor of a successful antiviral effect. 15 In this study we did not have access to direct measurements of adherence and so used the number of missed clinic visits in the past year as a potential indicator of adherence. This *By logistic regression analysis both the lower peak plasma HIV-RNA level ( PϽ.001) and the number of antivirals changed at the time of initiation of protease inhibitor treatment ( PϽ.02) correlated with virological success. All data are given as number of successes/total number of patients (percentage).
evaluation was highly predictive of virological outcome. Since treatment of HIV infection is lifelong and success is dependent on adherence, 10, 23 and since there is seldom a need to begin treatment emergently, the number of missed clinic visits may constitute a useful aid in predicting the likelihood of adherence to antiretroviral therapies. Other tools like blood levels, 24 pill counts, MEMS caps, 25 and 3-day diaries have been used to assess adherence, but some are expensive, and all require administration of therapy (and consequent risk of failure). Better tools and strategies for predicting and increasing adherence are needed.
Patients starting on PI regimens soon after the availability of these agents had a worse virological outcome than patients starting later. This was not due to observation bias, since patients who achieved virological success were observed for a longer period than those who did not. It may be explained by several other factors: the hard-gel formulation of saquinavir, which has low bioavailability, was the first available PI, and suboptimal exposure may have resulted in the emergence of crossresistance to other PIs. 26, 27 Although patients with more advanced disease, higher levels of viral replication, and/or more extensive pretreatment histories may have been the first to receive these agents, timing of therapy remained an independent predictor of outcome in this analysis. In addition, there has been a "learning curve" for the use of PIs. In univariate analysis, it was found that patients who added only a single PI to their regimen had a lower likelihood of success than patients who had more than 1 drug added, a finding similar to that of previous studies. 13, 14 This variable did not remain significantly associated with a favorable virological outcome on multivariate analysis, probably because we were not able to differentiate between use of a new nucleoside and "recycling" of previously used nucleosides.The practice of adding a single drug to a failing regimen is now Figure 1 . Percentage of patients (n = 246) achieving either virological success (below 400 copies/mL) or failure (above 400 copies/mL) according to the number of antiviral drugs used prior to starting their first treatment regimen that included protease inhibitors. Responses in 310 patients were classified into 5 groups with plasma human immunodeficiency virus-RNA values (1) below 400 copies/mL at least twice and below 400 copies/mL at last clinic visit (n = 146); (2) below 400 copies/mL at least twice but above 400 copies/mL at last visit (n = 14); (3) below 400 copies/mL only once (n = 24); (4) decreasing more than 0.5 log 10 , but never falling below 400 copies/mL (n = 95); and (5) never decreasing more than 0.5 log 10 (n = 31). + cell count at the time of initiation of a protease inhibitor-containing regimen. Data shown are for 5 groups with plasma human immunodeficiency virus-RNA levels (1) below 400 copies/mL at least twice and below 400 copies/mL at last clinic visit; (2) below 400 copies/mL at least twice but above 400 copies/mL at last visit; (3) below 400 copies/mL only once; (4) decreasing more than 0.5 log 10 , but never falling below 400 copies/mL; and (5) recognized as suboptimal. 10 Multidrug-resistant viral strains will probably be transmitted in the community, and recent infection may be associated with an unfavorable virological outcome.
In this study, both higher peak plasma HIV-RNA levels and lower nadir CD4 + cell counts were independent predictors of virological failure. These findings are in agreement with the results of other studies. 13, 28 In a controlled clinical trial, up to 40% of patients with a greater degree of immunosuppression and HIV replication had detectable virus in plasma after 24 weeks of therapy with indinavir and 2 nucleosides. 6 As plasma HIV-RNA levels reflect production rates, the relationship between plasma HIV-RNA levels and outcome may be a consequence of the increased likelihood of selection for resistant mutants, the failure of the regimen to decrease replication sufficiently at the outset, and the interaction between these factors. It is appealing to propose that a "more potent" regimen, for example, a regimen that includes 2 nucleoside analogs and 2 PIs, or 2 nucleoside analogs, a PI, and a non-nucleoside reverse transcriptase inhibitor, might result in more sustained suppression of viral replication in subjects with more advanced HIV disease. Whether more potent but more complex regimens will improve virological and clinical outcomes is a question that needs to be addressed in controlled clinical trials.
The relationship between virological outcome and CD4 + cell nadir is less apparent, but it is consistent with previous observations. 13, 14 These patients may be more advanced and more likely to have been exposed to antiretrovirals in the past, but this relationship was not supported by multivariate analysis. Conceivably, patients with more advanced immunosuppression (lower CD4 + cell counts) have diminished endogenous immune mechanisms for controlling HIV replication. Consequently, a failure of host defenses to collaborate with antiviral drugs may account for the failure to achieve a profound and durable suppression of HIV replication. This hypothesis is supported by the the AIDS Clinical Trials Group Protocol 32 findings: after 24 weeks of treatment with indinavir, lamivudine, and zidovudine, patients starting therapy with more than 0.050 ϫ 10 9 /L CD4 + cells achieved a reduction in plasma HIV-RNA levels close to 1 log 10 greater than those starting with fewer than 0.050 ϫ 10 9 /L CD4 + cells. 6 In conclusion, we found that more than half of patients started on PI regimens at an academic medical center did not achieve sustained suppression of viral replication. Administration of PI regimens early after their availability was less likely to provide durable suppression of viral replication, and this was not related to observation bias but more likely related to the adequacy of the treatment regimen. Women tended to have a worse virological outcome than men, and the reason for this is not yet clear. Several other factors may predict the likelihood of incomplete virological responses to treatment: missing 2 or more clinic visits in the prior year and a lower CD4 + cell nadir and higher peak plasma HIV-RNA levels. Thus, missed clinic visits may predict incomplete adherence to complex treatment regimens; advanced immunosuppression may reflect failure of host mechanisms to assist in controlling viral replication; and both a lower CD4 + cell count and a higher peak plasma HIV-RNA level may provide relative indications for application of a more intensive treatment regimen.
This study also demonstrates that persons with more complete suppression of viral replication experienced a greater degree of immunologic restoration as reflected by greater increases in circulating CD4 + lymphocyte counts. As immune dysfunction is the proximate mediator of risk for opportunistic disease, and as the number of patients who experience virological failure is likely to increase as the duration of follow-up increases, better strategies for the management of HIV infection that include simpler treatment regimens, more active and non-cross-resistant therapies, and strategies to enhance endogenous antiviral activities are needed.
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